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:KDW LV�VR�UHPDUNDEOH DERXW�WKH
V4*3 GLVFRYHUHG�DW�5+,& "

M.Gyulassy, L. McLerran  nucl-th/0405013, Nucl.Phys.A in press

M.Gyulassy: Erice Lectures 8/30/04
http://nt3.phys.columbia.edu/people/gyulassy/Talks/2004.08.30_Erice/

(strongly coupled Quark Gluon Plasma)
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Answer: 

Unexpected Experimental Discoveries at RHIC
have forced a paradigm change in the field

weak coupling wQGP => strong coupling sQGP

New concepts and tools must be developed
to gain a better understanding of the new physics

Purpose of this RBRC workshop is to discuss and compare
Ideas in different fields with similar phenomena
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6WURQJO\�&RXSOHG�0DWWHU�)URP�������WR��������.
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10-6 Li6 
N=105 , dx= 10-5 m
T<TF =10-6 K
Γ = Uint/T=  0.3
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Strongly coupled quantum liquids

ZHDN �Γ < VWURQJ �Γ >
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,V�4*3�D Z4*3  �ZHDNO\ FRXSOHG�´GLHOHFWULFµ�SODVPD�"

/DWWLFH�4&'
)�.DUVFK�HW�DO��3/%�������������

���;��LPSURYHG�DFWLRQ�DQG�VWDJJHUHG�T
0X�Ga7����0Va7

5+,&

!Seems perturbative at T>2 Tc

2QO\�����GHILFLW�LQ�3�DQG�ε DQG�6

3UHVVXUH�34&'�7�
Theoretical Equation of State of QCD matter
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QCD Asymptotic Freedom => at high enough T 
State of matter should be a weakly coupled QGP  

(wQGP)
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V �α ≈?

Tempting to expand 
Physics in coupling

g<<1     Γ<<1

And even more optimistically

1/Log(1/g) <<1
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Ed Shuryak: “One may have an absolutely correct 
theory and still make accidental discoveries…”

Columbus’ Theory:
(1) world is not flat,  E2  => S3

(2) if he goes west he should eventually come to India

%XW�KH�GLVFRYHUHG�VRPHWKLQJ�HOVH�ZDV�RQ�WKH�ZD\«

We set out at RHIC we find wQGP. But 1000 experimentalists  
found something else on the way… the sQGP !

5,.(1�%1/�ZRUNVKRS��0D\��������
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Failure of weak coupling perturbative QCD expansion

5+,&
5+,&

QGP  =wQGP

F7 �7
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One can “fit” LQCD P(T) with O(g6 Log1/g) pQCD

K.Kajantie, et al, Phys.Rev.D67:105008,2003 

g3

g5

+ “small Fudge”
IF Log1/g >>1

The PROBLEM is that  for T<103 Tc , g>1 and Log1/g < 0
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Conclusive evidence for bulk elliptic collective flow at T=1012 K

� �

� �

\ [
\ [

−
ε =

+

� �

� �

� � �

� �

S SY S S
−

=
+



Gyulassy RBRC/BNL  12/16/04 17

Conclusive evidence for bulk elliptic collective flow at T=10-6 K
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���$*H9

CERES/SPS

But Nonviscous Hydrodynamics never worked on nuclear scale before ! 

� �
FKG1 �G\G [ �IP ��

?

Y��(FP������$*H9� � K\GURG\QDPLF�SUHGLFWLRQV�

CERES

S.Voloshin STAR/NA49
Kolb,Heinz,Huovinen hydro 
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S4&' -HWV%XON�34&'�+\GUR TTT &RDOHVFHQFH�

V4*3 )LQJHUSULQW�DW�5+,&� �)LQH�6WUXFWXUH RI�HOOLSWLF�IORZ
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N=4 SUSY

g2Nc -> Inf

N=4 SUSY: Policastro, Son, Starinets     (2001)

/DWWLFH�4&'��$�1DNDPXUD�DQG�6�6DNDL� KHS�ODW��������

pQCD: Danielewics, MG, ….  (1985)
.RYWXQ�6RQ�6WDULQHWV������������

P.Arnold et al
JHEP 0305:051,2003
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Viscosity in EM Plasmas
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Strongly Coupled Plasmas (Ichimaru Vol 2)

Important Role of dynamic correlations at large Γ

Golden, Kalman,
Plas.Phys. 2000

Dielectric screening

Vol. 1

WU
7

σ =
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"Optically Trapped Fermi Gases"
American Scientist Vol. 92,
May-June 2004 (pg. 238-245) 

J. E. Thomas, M.E. Gehm

Unitarity Limited
Resonance scattering

Precise control via
Magnetic field
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Another idea that will be discussed at this meeting

Perhaps sQGP is driven to local equilibrium by macroscopic 
Yang-Mills instabilities  (Mrowczinski(88); Thoma; Arnold …(04))

One major catch in non-Abelian weakly coupled plasmas

Fastest process is color diffusion that Neutralizes macro YangMills fields 
(Selikhov, MG, PLB(93),  …,  Manuel, Mrowczinski(04) ) 

Soft color rotation
In g<<1 limit

FRORU PRPHQWXP� �
� �

J /RJ���J�7 J /RJ���J�7τ << τ� �

�
F PRP SO

7
/RJ���J�σ ≈ << τ ω sQGP is more like

an insulator than 
conductor

Color conductivity

q q
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'L�+DGURQ 7RPRJUDSK\

Out-plane

In-plane
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New high pT , rapidity, azimuth correlation tools
M.Daugherity DNP 10/04: Univ. Texas 

67$567$5 PrelimPrelim ���� SSWW &RUUHODWLRQV�DW�����&RUUHODWLRQV�DW�����$*H9$*H9
Mid-central Au+Au

v2(y) subtractedMini-jets + Collective flow
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